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Our objective was to evaluate the relationship between intrauterine exposure to cadmium 
and the presence of atopic dermatitis in infants 6 months of age, adjusted for covariates 
including exposure to other heavy metals. The present research is a component of the 
Mothers' and Children's Environmental Health (MOCEH) study, a multi-center birth cohort 
project conducted in Korea. Study subjects were restricted to pregnant women in whom 
cadmium and lead levels were measured at delivery and whose infants were assessed for 
the presence of atopic disease at 6 months of age. The odds ratio (OR) for the presence of 
atopic dermatitis in 6-month-old infants whose cord blood had elevated cadmium levels, 
after adjustment for other covariates, was 2.350 (95% CI, 1 .126-4.906). The OR for the 
presence of atopic dermatitis in infants whose cord blood had elevated lead levels was not 
significant. In the present study, the cord blood cadmium level was significantly associated 
with the presence of atopic dermatitis in 6-month-old infants; this was not true of the 
cord blood lead level. To the best of our knowledge, this is the first prospective study to 
show a relationship between prenatal exposure to cadmium and atopic dermatitis in 
infancy. 
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INTRODUCTION 

The prevalence of atopic dermatitis among children, especially 
infants, is rising in Korea (1,2). Atopic dermatitis in infants com- 
mences in the first months of life, usually at about 3 months of 
age. This highlights the need to investigate the nature of prena- 
tal and very early life events that may trigger the onset of allergic 
march (3). Many environmental contaminants are known to 
cause atopic dermatitis. Common aeroallergens include in- 
door/outdoor allergens and pollutants generated by traffic (4- 
6). Epidemiologic observations on the levels of urban industrial 
pollution across eastern Germany have strongly suggested that 



variation in the levels of exposure to metal-rich pollutants that 
include cadmium or lead largely explain regional variations 
noted in the prevalence of allergic sensitization in children (7). 
Sensitization increases as the metal levels of fine particulate 
matter rise (8). 

Cadmium and lead are toxic, pervasive in the environment, 
and accumulate in the body over a lifetime. The metals contrib- 
ute to oxidative stress and inhibit DNA repair processes (9-12) 
Cadmium (13) and lead (14-16) adversely affect the immune 
system. Exposure to these metals may alter the immune system 
in a manner triggering atopic dermatitis and asthma. A few 
studies on the relationship between intrauterine exposure to 
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lead and development of atopic disease in infancy have ap- 
peared (17). However, no study on a possible association be- 
tween intrauterine exposure to cadmium and development of 
atopic dermatitis in infancy has been conducted yet, to our 
knowledge. 

Our hypothesis was that intrauterine exposure to cadmium 
was a risk factor for development of atopic dermatitis in infants. 
Our objective was to evaluate the relationship between expo- 
sure to heavy metals and the prevalence of atopic dermatitis in 
infants 6 months of age, adjusted for the possibly confounding 
effects of other covariates including the levels of other heavy 
metals. 

MATERIALS AND METHODS 
Study subjects 

The present project is a component of the Mothers' and Chil- 
dren's Environmental Health (MOCEH) study (18), a multi- 
center birth cohort project conducted in Korea. Our study sam- 
ple was composed of women in weeks 12-28 of normal preg- 
nancy, with a single fetus, who registered at their local MOCEH 
study center between August 2006 and December 2009. The 
study subjects were all pregnant women in whom cadmium 
and lead levels were assessed at delivery, and development of 
atopic disease was assessed in infants 6 months of age. Single- 
ton children of 637 mothers were analyzed. All participants 
were interviewed by trained personnel. Upon enrolment, a de- 
tailed questionnaire was used to obtain information on demo- 
graphics, socioeconomic factors, residential characteristics, 
medical and reproductive history, exposure to occupational 
hazards, alcohol consumption, nutritional habits, and exposure 
to secondhand smoke in the home. Atopic dermatitis was con- 
sidered present if the mother answered the question: "Were 
you ever told by a doctor that your child had atopic dermatitis?" 
in the affirmative. Each questionnaire was completed on the 
day on which the blood sample was collected. 

Determination of the levels of cadmium, lead, and atopy 
markers in blood 

Cord blood (15 mL) was obtained from a cord site close to the 
infant, and the levels of lead, cadmium, IgE, and IL-10; and eo- 
sinophil number, were measured. Blood was drawn into stan- 
dard commercial evacuated tubes (Vacutainer®) containing so- 
dium heparin. Blood samples were frozen and stored at -20°C. 
Prior to analysis, samples were allowed to attain room tempera- 
ture and were thoroughly vortexed after thawing. Blood sam- 
ples (each 0.1 mL) were diluted with 1.8 mL of matrix modifier 
reagent (containing Triton X-100 and ammonium phosphate). 
Cadmium and lead levels were measured using graphite fur- 
nace atomic absorption spectrometry featuring Zeeman back- 
ground correction (Perkin Elmer AAS800). All metal analysis 



was performed by the Neodin Medical Institute; the laboratory 
is certified by the Korean Ministry of Health and Welfare. Com- 
mercial reference materials (Lyphochek® Whole Blood Metals 
Control; Bio-Rad, Hercules, CA, USA) were used for internal 
quality assurance and as controls. In terms of external quality 
assurance and control, the Institute participates in both the 
German External Quality Assessment Scheme operated by 
Friedrich-Alexander University and the Quality Assurance Pro- 
gram operated by the Korea Occupational Safety and Health 
Agency. The Institute has also been certified by the Ministry of 
Employment and Labor as a designated laboratory for analysis 
of specific materials, including heavy metals and particular or- 
ganic chemicals. The method detection limits for blood cadmi- 
um and lead in the present study were 0.056 ug/L and 0.12 ug/ 
dL, respectively. Only one sample contained a lead level below 
the detection limit and we considered the level in that sample 
to be the detection limit divided by the square root of 2 (19). 
Eosinophil number, and serum total IgE and serum IL-10 lev- 
els, were measured as markers of atopy. 

Statistical analysis 

The levels of serum total IgE and IL-10, and eosinophil counts, 
were transformed into natural logarithms, to normalize distri- 
butions. Data are expressed as means with standard deviations 
(continuous variables) or as numbers with percentages (cate- 
gorical variables). The characteristics of study subjects with re- 
spect to atopic status were analyzed using the chi-square test, 
the t-test, or analysis of variance (ANOVA), as appropriate. All 
data were analyzed by SPSS software, version 18.0 (SPSS, Chi- 
cago, IL, USA). All testing for statistical significance was two- 
sided, with an a-error of 0.05. The adjusted odds ratios (ORs) 
(with 95% CIs) for the prevalence of atopic dermatitis in 6-month- 
old infants of mothers with elevated blood cadmium or lead 
levels were calculated by logistic regression analysis. Covariates 
used during adjusted OR calculations included those exhibiting 
a (borderline) statistically significant difference between moth- 
ers of infants with and without atopic dermatitis. Such factors 
included educational level, a history of atopic disease, parity 
number, number of family members, gender of the infant, and 
duration of feeding with breast milk. In addition, we included 
covariates of biological significance, including a history of pas- 
sive smoking and cord blood IgE level. Other covariates exam- 
ined included basic demographic characteristics such as the 
age and weight of the pregnant mother, and family income. 

Ethics statement 

Prior to the enrolment, all study participants were provided for 
written informed consent. The study protocol and the consent 
form were approved by the institutional review boards of Ewha 
Womans University (Seoul) (approval No. 12-07B-15); Dankook 
University Hospital (Cheonan) (approval No. 2011-09-0340); 
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and Ulsan University Hospital (Ulsan) (approval No. 06-29); all 
three hospitals are located in the Republic of Korea. 

RESULTS 

Table 1 shows the overall characteristics of study infants grouped 
by atopic status. Maternal educational level and maternal his- 
tory of atopic disease, differed significantly when data from mo- 
thers of atopic and non-atopic infants were compared. However, 
no other statistically significant difference between such moth- 
ers was noted (Table 1). 

The overall mean level of cord blood cadmium was 0.71 (ig/L 
and was slightly lower in the cords of atopic compared to non- 
atopic infants. The overall mean level of cord blood lead level 
was 1.01 ug/dL (Table 2) and did not differ between atopic and 
non-atopic infants. The geometric means of the cord blood IgE 
level, the eosinophil count, and the IL10 level did not signifi- 
cantly differ between atopic and non-atopic infants. 



The OR and 95% CI values of cord blood cadmium level for 
the presence of atopic dermatitis in 6 month-old infants were 
2.350 (1.126-4.906) (model 1) after adjustment for other covari- 
ates. The OR remained significant after further adjustment for a 
history of passive smoking (for which the OR was not signifi- 
cant) (model 2). The OR continued to be significant after fur- 
ther adjustment for cord blood lead level (for which the OR 
[95% CI] was 1.045 [0.602-1.811]) (model 3). The OR for cord 
blood IgE level was not significant (model 4) (Table 3). 

DISCUSSION 

In the present study, cord blood cadmium level was found to be 
significantly associated with the development of atopic derma- 
titis in 6-month-old infants. Cadmium is a toxic heavy metal. 
Tobacco and food contamination represent the main sources of 
non- occupational exposure in the general population (20-22). 
The overall mean level of cord blood cadmium was 0.71 (ig/L 



Table 1 . Characteristics of the study population, grouped by the atopic status of 6-month-old infants 



Variables 




Non-atopic dermatitis 


Atopic dermatitis 


i oral 


P value 


No. in family (individuals) 


<4 


206 


103 


309 


0.096 




£4 


235 


88 


323 






Missing data 


5 


0 


5 




Maternal educational level (yr) 


<14 


134 


31 


165 


0.001 




> 14 


273 


145 


418 






Missing data 


39 


15 


54 




Passive smoking status 


Never 


237 


107 


344 


0.084 




Ever 


146 


69 


215 






Missing data 


63 


15 


78 




Age of residence (yr) 


<4 


107 


45 


152 


0.927 




4-10 


173 


72 


245 






>10 


159 


72 


231 






Missing data 


7 


2 


9 




Maternal history of atopic disease 


Never 


429 


174 


603 


0.017 




Ever 


9 


12 


21 






Missing data 


8 


5 


13 




Duration of breast feeding 


< 3 months 


125 


43 


168 


0.060 




3-6 months 


239 


108 


347 






> 6 months 


49 


32 


81 






Missing data 


33 


8 


41 




Presence of pets at home 


Never 


428 


187 


615 


0.432 




Ever 


17 


4 


21 






Missing data 


1 


0 


1 




Parity 


0 


164 


85 


249 


0.105 




>1 


210 


73 


283 






Missing data 


72 


33 


105 




Maternal age (yr) 


Mean + SD 


30.3 + 3.48 


29.9 + 3.31 


30.2 + 3.43 


0.182 


Maternal weight (kg) 


Mean + SD 


59.7 + 9.13 


58.9 + 9.13 


59.5 + 9.13 


0.291 


Gender of infant 


Male 


224 


112 


336 


0.051 




Female 


222 


79 


301 




Gestational age (weeks) 


Mean + SD 


37.8 + 5.75 


38.2 + 4.76 


37.9 + 5.52 


0.582 


Family income (USD per month) 


< 2,000 


105 


52 


157 


0.464 




2,000-3,000 


152 


70 


222 






> 3,000 


169 


60 


229 






Missing data 


20 


9 


29 
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Table 2. Biological index values and atopy marker levels, by atopic status, in 6-month-old infants 



Variables 




Non-atopic dermatitis 


Atopic dermatitis 




Total 


P value 


Cord blood cadmium level (pg/L) 


Mean + SD (No.) 


0.70 + 0.27 (446) 


0.74 + 0.29 (191) 


0.71 


+ 0.28 (637) 


0.076 


Cord blood lead level (ug/dL) 


Mean ± SD (No.) 


1 .01 ± 0.45 (446) 


1.01 + 0.47(191) 


1.01 


± 0.45 (637) 


0.972 


Cord blood IgE level (pg/L) 


GM + GSD (No.) 


0.70 + 2.90 (432) 


0.74 + 2.89 (178) 


0.71 


+ 2.90 (610) 


0.519 


Cord blood eosinophil level 


GM ± GSD (No.) 


323.14 + 1.89 (344) 


307.08 + 2.03 (144) 


318.31 


± 1 .93 (488) 


0.437 


Cord blood IL-10 level (pg/L) 


GM + GSD (No.) 


0.79 + 2.19(429) 


0.77 + 2.03 (177) 


0.79 


+ 2.14(606) 


0.668 



GM, geometric mean; GSD, geometric standard deviation. 



Table 3. Odds ratios (ORs), with 95% confidence intervals (CIs), for development of atopic dermatitis in 6-month-old infants, after adjustment for the confounding effects of co- 
variates (n=446) 



Independent variables 




OR 


95% CI 


Model 1 


Cord blood cadmium level (pg/L)* 


2.350 


1.126-4.906 


Model 2 


Cord blood cadmium level (pg/L)* 


2.170 


1.010-4.659 




History of passive smoking in pregnant women; yes vs no 


1.128 


0.721-1.769 


Model 3 


Cord blood cadmium level (pg/L)* 


2.172 


1.011-4.666 




Cord blood lead level (pg/dL) 


1.045 


0.602-1.811 


Model 4 


Cord blood cadmium level (pg/L)* 


2.254 


1.034-4.913 




Cord blood lead level (pg/dL) 


0.868 


0.484-1.559 




Cord blood IgE level (pg/L) 


1.012 


0.812-1.261 



*P< 0.05. Adjusted for age, weight, a history of atopic disease, educational level of the mother, gender of the infant, family income, number of individuals in the family, parity, 
and duration of breast feeding (Models 1-4). To construct Model 2, a history of passive smoking in pregnant women was added as a covariate additional to those of Model 1 . 
For Model 3, cord blood lead level was added to the covariates of Model 2. For Model 4, cord blood IgE level was added to the covariates of Model 3. 



in the present study. This is similar to the levels of 0.6 pg/L and 
0.78 ug/L measured in Saudi Arabia and India, respectively (23, 
24), but higher than the 0.21 ug/L and 0.021 pg/L reported in 
Belgium and Germany, respectively (25, 26). The level was 
much lower than the 5 pg/L threshold set by the Biological Ex- 
posure Index (BEI) of the American Conference of Governmen- 
tal Industrial Hygienists (ACGIH) as safe in workers (27). The 
most common sources of environmental cadmium exposure 
are the diet and tobacco. As cadmium is more efficiendy ab- 
sorbed via the lungs than via the gastrointestinal tract (28), smok- 
ing poses a serious risk of exposure. A single cigarette usually 
contains 1-2 ug cadmium (29). In the present study, the overall 
mean level of cord blood cadmium did not differ significantly 
between mothers with and without a history of passive smok- 
ing (0.72 pg/L vs 0.71 ug/L). Such a history was not associated 
with development of atopic dermatitis. The OR of cord blood 
cadmium for the development of atopic dermatitis in 6-month- 
old infants remained significant after adjustment for a history 
of passive smoking. Thus, atopic dermatitis seems to be associ- 
ated with absorption of cadmium in the gastrointestinal tract, 
and not with smoking. 

We found that the cord blood cadmium level was significant- 
ly associated with the presence of atopic dermatitis in 6-month- 
old infants, after adjustment for various covariates. These find- 
ings are compatible with those of a previous study by Razi et al. 
(30), who found that cadmium exposure aggravated the asth- 
matic status of children. Environmental exposure to metals can 
modulate immune homeostasis, and cause inadequate or ex- 
cessive production of inflammatory cytokines (31). Hemdan et 



al. (32) showed that short-term exposure of cells stimulated 
with a monoclonal antibody to low levels of cadmium markedly 
inhibited secretion of interleukin (IL)-IR, tumor necrosis factor 
(TNF)-a, and interferon (IFN)-y compared to production of 
IL-4 and IL-10. This indicates that the immune response shifts 
from type-1 helper T cells (Thl) to type-2 helper T cells (Th2) 
under such conditions. The authors speculated that, in agree- 
ment with literature data, such a shift may increase the inci- 
dence of allergic disease. We measured the eosinophil number, 
and the levels of total IgE and IL-10 as atopic markers, where 
these atopic markers were not associated with development of 
atopic dermatitis in the present study. Although IgE antibodies 
play a pivotal role in atopic dermatitis, cord blood IgE may be 
less useful test for predicting atopic dermatitis. Munasir et al. 

(33) reported that only 18.9% of the subjects with atopic derma- 
titis showed high levels of cord blood IgE ( > 1.2 IU/pL) in the 
first 6 months of life. Some studies have shown that elevated 
cord blood IgE increases sensitization to aeroallergens, but it 
does not always lead to a concomitant increase in respiratory or 
other allergic disorders (34-36). In addition, cord blood IgE lev- 
els may be low due to the infant's immature immune system 

(34) . It seems that cord blood eosinophil is not a good predictor 
for developing atopic disease (37). An impaired Thl and T reg- 
ulatory cell responses at birth may contribute to the develop- 
ment of atopic dermatitis (38), but cord blood IL-10 was not 
significantly associated with development of atopic dermatitis 
in the present study. Thus, the mechanism of development of 
atopic dermatitis associated with exposure to cadmium remains 
to be clarified in infants. 
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Earlier data suggested that lead exposure may alter compo- 
nents of the immune system known to be involved in the devel- 
opment of atopic dermatitis and asthma (14, 15). Both Lutz et 
al. (39) and Sun et al. (40) reported a significant positive rela- 
tionship between blood lead and IgE levels in studies on chil- 
dren. Jedrychowski et al. (17) showed that intrauterine expo- 
sure to lead may enhance sensitization to common inhalant al- 
lergens in early childhood. However, the cord blood lead level 
was not significantly associated with development of atopic 
dermatitis or the cord blood IgE level in the present study. The 
observed discrepancies between the data of our study and those 
of others may be attributable in part to differences in target 
populations (infants vs children or adults) (17, 39, 40); the dis- 
eases studied (atopic dermatitis vs asthma) (17); and/ or expo- 
sure times (prenatal vs postnatal) (39, 40). Further work is re- 
quired. 

Our present findings have public health implications. The 
data suggest that low-level prenatal cadmium exposure may be 
implicated in development of atopic dermatitis in infancy. A re- 
duction in the level of exposure of pregnant women to environ- 
mental cadmium may decrease the prevalence of atopic der- 
matitis (which is currently rising worldwide). 

The strengths of the present study are, first, that we used a 
prospective cohort design commencing in the prenatal period. 
Thus, we sought to rule out the possibility that cadmium expo- 
sure levels might be erroneously classified. Further, we sought 
to eliminate the selection bias that may have occurred if parents 
concerned with the health of their children were principally in- 
terested in volunteering to participate in our study. 

Our study had several limitations. First, although we obtained 
information on the home environment (via a questionnaire), 
we did not direcdy assess this environment. For example, we 
did not direcdy measure aeroallergen concentrations in house 
dust, or indoor levels of chemicals of interest. Therefore, we 
cannot completely rule out potentially confounding effects of 
the home environment. Second, development of atopic derma- 
titis was based on parental reporting and therefore subject to a 
lack of standardization, misclassification, or recall bias; over-re- 
porting might have occurred. Finally, the association between 
cord blood cadmium level and development of atopic dermati- 
tis does not appear to be strong; the OR is low. The mechanism 
of development of atopic dermatitis associated with exposure 
to cadmium remains unclear. Future work should explore whe- 
ther the effects described here can be replicated using a similar 
study design but with measurement of a wider spectrum of pre - 
natal indoor and outdoor environmental hazards. 

In conclusion, increased levels of cord blood cadmium were 
observed in 6-month-old infants with atopic dermatitis. Fur- 
ther studies are warranted to confirm this association. 
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